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Abstract— we are using medical imaging devices to scan the organs of human to identify the different diseases. The
diseases are diagnosed by medical images which are produced by various medical devices like Ultra Sound, Magnetic
Resonance Image, Computed Tomography (CT), Ultra sound and X ray Medical devices. Images are prone to
different types of noises due  medical devices. Poison noise is commonly found in X ray images. The filters namely,
Unsharp, Mean, Median, Gaussian and Weiner are used for comparative study analysis. The computed Radiography
CR image qualities are improved by our comparative study of filters. The aim of this paper is to identify the best
poison noise removal filter from the comparative study analysis of five filters. The best filter is estimated by
calculating Peak Signal Noise Ratio(PSNR), Root Mean Square Error (RMSE) and Means Square Error(MSE).
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I. INTRODUCTION
The human organs are imaged by using CR X
Ray devices to identify the disease such as cancer
and brain tumor. The noise is incorporated in all
medical digital images because of light, temperature
and medical equipment used to capture X ray image.
The research is carried out by Medical image experts
to improve visible quality of digital X ray image.
The various methods are designed and implemented
to remove the noise and improve the visual quality
of CR X ray images. In this paper, human skull CR
X ray images are used and converted to digital
matrix form with 1760 rows × 1600 column matrix.
The paper is discussed as follows: Section 2
explain the different types of noise. Section 3
presents the various filters namely, Unsharp, Mean,
Median, Gaussian and Weiner filter. Section 4
explain the experimental results and comparative
study analysis of the five filters. section 5 presents
the conclusion of the comparative study of the
filters.
II. TYPES OF NOISE
Noise is undesired information that contaminates
the image. In the image filtering process,
information about the type of noise present in the
original image plays a significant role. Typical
images are corrupted with noise modeled with
either a Gaussian, uniform, or salt or pepper
distribution [3]. Another typical noise is a Poisson
noise, which has the characteristic of
multiplicative noise. This type of noise occurs in
almost all coherent imaging systems such as laser,
acoustics and SAR (Synthetic Aperture Radar)
imagery. The source of this noise is attributed to
random interference between the coherent returns.
The different types of noise are incorporated in all
medical images. The four important types of noise
are A)Periodic B)Gaussian noise C)Salt and
Pepper noise and D)Speckle noise. By using
different types of filters, we can remove the
noises.
A. Periodic Noise
This noise is produced by electrical
interference. When the medical devices capture the
human organ as a image in the presence of strong
power signal. It is sinusoidal due to multiples of  a
specific frequency. It is in the form of conjugate
pair points in the frequency domain. It is eliminated
by frequency domain filter.
B. Gaussian noise
Gaussian noise is a statistical noise. It is most
commonly utilized as additive white noise to give
additive white Gaussian noise. The values taken by
the noise is Gaussian-distributed. It has a probability
density function, defined by
P(g) = exp( - (g-μ)2 / (2σ2 )
(1)
where g is the gray value of the pixel, μ is the
average gray value of neighborhood and σ is the
standard deviation. The range [(μ − σ), (μ + σ)]
includes nearly 71% of its pixel values.
C. Salt and  Pepper Noise
It represents itself as randomly occurring white
and black pixels. An effective noise reduction
method for this type of noise involves the usage of
a median filter. Salt and pepper noise creeps into
images in situations where quick transients, such as
faulty switching, take place. The image after
distortion from salt and pepper noise looks like the
image attached.
D. Speckle noise
Speckle noise is a granular noise that inherently
exists in and degrades the quality of images.
Speckle noise is a multiplicative noise. It is in
direct proportion to the local grey level in any area.
The signal and the noise are statistically
independent of each other
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III. FILTERING METHODS
The main aim of the image enhancement is to
adjust the digital image so that the resultant image
is more suitable than the original image for a
particular application[1,2]. Several image enhance
techniques are developed by researchers. The first
type is based on direct manipulation of pixels in an
image, for example: image negative , low pass
filter ( smoothing) and high pass filter (
sharpening). Second type is based on position
calculation of pixels of an image, for example
image scaling. In the first type, the image
processing function in a spatial domain can be
expressed as (x,y)= T( f(x, y))   where T is the
transformation function f(x,y) is the pixel value of
input image and (x,y) is the pixel value of the
processed image[1,2,] The median, mean, high
pass, low pass filtering techniques have been
applied for denoising the different images[1,2].
Various filtering approaches are analyzed by
researchers namely, Max Filter, Mean Filter,
Contra harmonic Filter, Average Filter, Standard
deviation Filter, Variance Filter, Correlation Filter,
Midpoint Filter, and Unsharp Filter. The above
mentioned filters are belong to the types of Low
Pass Filter, High Pass Filter and Image Scaling
Filter. Artificial Noise like Salt and Pepper noise
and Gaussian noise are removed by these filters.
The Unsharp Filter, Mean Filter, Median Filter,
Gaussian and Weiner Filter were examined and
experimental image data and results were given in
Figure 4.
A. Unsharp Filter
The unsharp filter is a simple sharpening
operator which derives its name from the fact that it
enhances edges (and other high frequency
components in an image) via a procedure which
subtracts an unsharp, or smoothed, version of an
image from the original image. The unsharp filter is
implemented as a window-based operator. It relies
on a convolution kernel to perform spatial filtering.
It can be implemented using an appropriately
defined low pass filter to produce the smoothed
version of an image, which is then pixel subtracted
from the original image in order to produce a
description of image edges,  a high passed image.
A more common way of implementing the
unsharp mask is by using the negative Laplacian
operator to extract the high pass information
directly.
B. Average or  Mean Filter
Mean filtering is simplest method to smoothing
images. The intensity variation between the pixels
is reduced by mean filter.  The concept of mean
filtering is to modify each pixel value in an image
with the average of its neighbors.
Mean Filtering is like a convolution filter. By
using the Mean filter, the effect of noise
smoothing is done with minimal dramatic loss in
image quality. The mean of neighborhood of the
pixel is not calculated by most of the convolution
filters which are used for smoothing.
C. Median  Filter
Median filter is applied to minimize the poison
noise in images approximately like a mean filter,
Median filter is a edge preserving smoothing
nonlinear filter. It is better approach than the mean
filter by unchanging the image properties. The
advantage of Median filters is providing excellent
noise reduction, with considerably less blurring
than linear filters. The figure 1 shows 5×5
Neighborhood matrices
123 125 126 130 140
122 124 126 127 135
118 120 150 125 134
119 115 119 123 134
111 116 110 120 130
Figure 1. Median filter- 5×5 Neighborhood matrices
By comparing the mean filter, the median filter
has two advantages, because the median value of a
neighborhood of a pixel is used. The two
advantages  are
1. The median is a good average than the mean.
Hence a single ordinary pixel in a neighborhood
will not change the median value.
2. The median value means the value of one of the
pixels in the neighbor. A new imaginary pixel
value does not  calculated when filter is applied for
an edge sharpening.
D. Gaussian Filter
The Gaussian filter uses 2 dimensional
convolution operator which removes noise and blur
an image. It is like the mean filter in this aspect, but
the different kernel was used. In 2-D, an isotropic
(circularly symmetric),  Gaussian is defined as:
(2)
This distribution is shown in Figure 2.
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Figure 2. -D Gaussian distribution with mean (0 ,0) and =1
The Gaussian uses convolution to achieve 2
dimensional distributions as a point spread function.
E. Weiner Filter
The image F contains the input image I and the
poison noise N, given by the equation[5]
F = I + N (3)
The visible quality of the image is poor due to
noise which gives unwanted information. For each
pixel, the Weiner filter calculates mean and
variance by using the following formula
(4)
and
(5)
Where A is N by M local neighborhood of each pixel is
in the image I.
Weiner filter uses the following equation
w(r,c)= + [ ]                      (6)
Where v2 is the noise variance.
The original X Ray Human skull images with
different types of noise are shown in figure 3. The
Various filtered X Ray Human skull images are
shown in figure 4.
Figure 3. (a) Original Image, (b) Salt and Pepper Noisy Image,
(c) Gaussian Noisy Image and (d) Poisson Noisy Image
Figure 4. (a) Salt and pepper noise removed Unsharp Filtered
Image (b) Gaussian noise removed Average Filtered Image (c)
Poisson noise removed Median Filtered Image (d) Gausian noise
removed  Gausian Filter image and (e) Poisson noise removed
Wiener Filtered image
IV. EXPERIMENTAL ANALYSIS AND
RESULTS
The suggested algorithms implemented for  CR
X Ray images of a lateral view of human skull
images by using  MATLAB. The X ray images
were given by  ATLAS polyclinic, Muscat. The
experimental set consists of 40 male skulls and 10
female skulls.
The statistical measurement could be used to
measure enhancement of the image. The Root Mean
Square Error ( RMSE),  Mean Square Error (
MSE) and Poison Signal-to-Noise Ratio(PSNR) are
used to evaluate the enhancement performance[5].
PSNR is used to measure the quality between the
original and noisy image. MSE measures the
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cumulative squared error between the original and
noisy image.
The RMSE, MSE and  PSNR are given in the table 1.
TABLE I. STATISTICAL MEASUREMENT
STATISTICAL
MEASUREMENT
FORMULA
Mean Square Error
(MSE)
Root Mean Square
Error (RMSE)
Peak Signal to Noise
Ratio (PSNR)
Here, f(i,j) is original image and F(i,j) is
enhanced image. i and j, M and N are the rows and
columns of the original image and filtered image
respectively. In  Peak Signal to Noise Ratio
calculation, R is the maximum difference in the
original data type.
TABLE II. STATISTICAL DATA ON VARIOUS FILTERS
Sl.No. FILTER RMSE MSE PSNR
1 UNSHARP 1.25764 1.581667 46.295
2 AVERAGE 0.85830 0.736667 49.73667
3 MEDIAN 0.4 0.16 56.34333
4 GAUSSIAN 1.25764 1.581667 46.295
5 WEINER 0.38079 0.145 56.67167
If the value of MSE is low and PSNR is high
then the enhancement approach is better. The
Weiner Method result shows average PSNR value
of 56.67167 dB and average MSE value of 0.145
from the above table 2. Therefore Weiner Filter is
better poison noise removal filter compare to other
filters for  skull X ray images.
MSE and PSNR comparison is shown  in figure 5 and
figure 6.
Figure 5. Average MSE comparison of Unsharp, Average,
Median, Gaussian and Weiner Filter
Figure 6. Average PSNR comparison of Unsharp, Average,
Median, Gaussian and Weiner Filter
V. CONCLUSION
The performance of noise removing algorithms
is measured using quantitative performance
measures such as MSE, RMSE, and PSNR as well
as in term of visual quality of the images. Many of
the methods were tested to remove poison noise in
skull X ray image. The computational result shows
Weiner Filter performed better than others.
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